Purpose: To assess the usefulness of an ultrasound (US)-guided peritoneal biopsy for the solitary peritoneal thickening visualized as only infiltrated fat on a computed tomography (CT) scan. Materials and Methods: This retrospective study included 36 patients (16 males, 20 females; mean age, 51.7 years) who underwent a US-guided biopsy for the solitary peritoneal thickening of unknown cause visualized as only infiltrated fat without an apparent mass formation on a CT scan. The rate of the specific histopathological diagnosis and accuracy for the diagnosis of malignant disease was assessed. Results: The procedure was technically successful with the acquisition of an adequate amount of the specimen for microscopic examination from all patients. A specific histopathological diagnosis was made in 31/36 patients (86.1%): peritoneal carcinomatosis in 15/31 (48.4%), tuberculous peritonitis in 15/31 (48.4%) and panniculitis in 1/31 (3.2%). A non-specific histopathological diagnosis was made in 5/36 (13.9%): chronic inflammation in 4/5 (80%) and mesothelial hyperplasia in 1/5 (20%). The procedure showed sensitivity of 83.3%, with a specificity of 100%, a positive predictive value of 100%, a negative predictive value of 85.7%, and an accuracy rate of 86.1% for the diagnosis of malignant diseases. Conclusion: The US-guided peritoneal biopsy is a fairly accurate diagnostic procedure for the peritoneal thickening visualized as only infiltrated fat on a CT scan, and it can be used before performing laparoscopic or an open biopsy. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Peritoneal lesion can be caused by several diseases such as malignancies and inflammation (1, 2) . Identification of the cause of peritoneal lesion is often critical for appropriate treatment and predicting prognosis. In patients with peritoneal thickening, the diagnosis is often made on the basis of multiple factors, including the patients' symptoms, laboratory tests and ascitic fluid analysis. But in some cases it is hard to differentiate peritoneal carcinomatosis from chronic inflammation including tuberculous peritonitis (3) (4) (5) (6) .
Assessment of the pattern of peritoneal lesion in abdominal
computed tomography (CT) may help to differentiate inflammatory involvement from malignant involvement. Indeed, smooth uniform peritoneal thickening is the prevalent pattern in inflammation, whereas nodular pattern is common in malignancies. However, the images of benign inflammatory and malignant diseases could be overlapped; it makes the lesion hard to differentiate (7) (8) (9) .
The fluorine-18-fluorodeoxyglucose ( 18 F-FDG) positron emission tomography/computed tomography (PET/CT) may help to differentiate peritoneal disease (10, 11) . A standardized uptake value (SUV) of greater than 5.1 may help to differentiate peritoneal carcinomatosis from benign peritoneal inflammation, but is no entirely accurate (12) . Thus, tissue biopsy for histopathological diagnosis is often needed. Diagnostic yield of laparoscopic peritoneal biopsy have shown a relatively high rate (13) (14) (15) (16) . However, laparoscopy requires complex manipulations with many complications and needs anesthesia in an operating room, thus posing a risk to the patients (17, 18) .
An ultrasound (US)-guided biopsy of peritoneal lesions can be less invasive, safer and rapider (19) (20) (21) (22) (23) . However, there have been no reports on the biopsy of peritoneal thickening of unknown cause visualized as infiltrated fat without apparent mass formation on abdominal CT, probably due to their soft and friable nature which makes it difficult to perform the US-guided biopsy. Thus, the purpose of our study is to evaluate the diagnostic usefulness and safety of US-guided peritoneal biopsy for solitary peritoneal thickening visualized as only infiltrated fat on CT scan.
MATERIALS AND METHODS

Patient Population
Research ethics approval was obtained in advance for this study (IRB 2017-05-004). As the study was retrospective, the need for informed consent was waived. Between March, 1998 and March, 2017, 57 patients underwent biopsy for thickened peritoneum in our hospital. Among them, 21/57 patients whose peritoneum was completely replaced with soft tissue or who had an apparent mass formation in other organs except the peritoneum on CT were excluded. 36 patients (16 males, 20 females; mean age, 51.7 years old, range 17 to 86 years old) who underwent US-guided peritoneal biopsy for solitary peritoneal thickening visualized as only infiltrated fat without complete replacement of peritoneal fat or apparent mass formation on abdominal CT were included in this study. Among them, 18/36 patients were already included in previously reported paper (24) .
Solitary peritoneal thickening was defined as peritoneal thick-ening without clinical or radiological evidence of malignancy or infectious disease in other parts of the body that could spread to the peritoneum. All patients were referred for sonographic biopsy after solitary peritoneal thickening were identified on CT. 36 patients had various amounts of ascites at the time of USguided peritoneal biopsy. Ascites presented around the pathway of biopsy in 28 patients. Prothrombin time, activated partial thromboplastin time, international normalized ratio, and platelet counts were checked before biopsy, and none of the patients had coagulopathies or thrombocytopenia. To determine possible minute or concealed procedure related intraperitoneal bleeding, blood hemoglobin (Hb) and hematocrit (Hct) values were checked before and one day after biopsy. was minimal the biopsy needle was approached more horizontally to obtain as much as sample possible (Fig. 2) . Also a portion of overlying abdominal wall muscle was sampled together with parietal peritoneum for the minimally thickened peritoneal biopsy.
Biopsy Technique
The patient was asked to hold his/her breath for a second, during the moment the biopsy needle was inserted into the lesion.
And then the biopsy gun was quickly withdrawn after triggered.
The amounts of obtained samples were macroscopically examined and two or three pieces of specimens were taken from each patient. The samples were fixed in formalin and sent to the department of pathology. After the procedure, US examination was performed for at least 5 minutes to exclude possible life-threatening bleeding. The patients were kept in bed for at least 4 hours with close monitoring of their vital signs and symptoms.
Histopathological Analysis
Tissue analysis was carried out by several experienced consultant pathologists. All biopsy specimens were fixed in formalin, processed by standard procedure, embedded in paraffin, cut and stained with hematoxylin and polyclonal antibodies were ap- 
DISCUSSION
Peritoneum can be involved by variety of disease processes.
Among them, metastatic carcinoma from gastrointestinal, and genitourinary organs, or from unknown primary sites are the most common (2) . Peritoneal seeding of a malignant disease usually indicates an advanced disease and poor prognosis. Another important disease process involving peritoneum is tuberculous peritonitis especially in endemic areas of tuberculosis. Tuberculous peritonitis is occurring less than 4% of patients with pulmonary tuberculosis (25) . However, pulmonary tuberculosis is still a major cause of morbidity and mortality, particularly in developing countries in the endemic areas (26) . In western countries, about 80% of cases are occurring in association with acquired immunodeficiency syndrome (AIDS) but it is still occasionally encountered in non-AIDS patients (27) .
Early and accurate diagnosis of the peritoneal disease is clinically important. In cases of metastatic cancer, specific histopathological diagnosis is required for selection of chemotherapeutic agents. Furthermore, tuberculous peritonitis is one of the few diffuse peritoneal diseases with a proper and effective therapy. The differentiation between peritoneal carcinomatosis and chronic inflammation particularly tuberculous peritonitis is sometimes very difficult by imaging findings alone. Peritoneal biopsy may be the only diagnostic option, especially if the peritoneal disease is the only finding and the primary tumor is not defined (cancer of unknown primary).
There are a few methods of obtaining peritoneal tissues such (13) (14) (15) . However, this procedure poses a risk to the patients by various manipulations including induction of pneumoperitoneum, insertion of trocar, using thermal and mechanical instruments (17, 18) . Therefore US-guided peritoneal biopsy can be an attractive alternative method.
There are several studies on the diagnostic usefulness of USguided peritoneal biopsy (19) (20) (21) (22) (23) . But there have been no report of US-guided biopsy of solitary thickened peritoneum visualized as infiltrated fat without apparent mass formation on abdominal CT. Our results showed slightly lower diagnostic accuracy than those of previous studies (20) (21) (22) . We believe that this discrepancy could be attributed to the difference of included pa- However, complications directly associated with peritoneal biopsy has not been reported (32) .
With aforementioned modification of biopsy technique, no clinically significant complications were observed in all of our patients. In 28 patients who had ascites around the targeted peritoneum, active bleeding was depicted on the gray scale US immediately after withdrawal of biopsy needle in 7 patients. However, bleeding stopped spontaneously without specific management.
No significant bleeding occurred in all patients. The mean decrease in Hb and Hct values was minimal and there was no difference between patients with ascites around the biopsy route and the patients without ascites. Though the number of our patients is small we assume that the presence of ascites without coagulopathy does not increase post-biopsy bleeding. Furthermore, we think ascites around the targeted peritoneum can be helpful to avoid bowel loops.
There are some limitations recognized in our study. First, this study is a retrospective study of long duration. Therefore, tech- large prospective studies, with histopathological examination as reference standard, needed to confirm our results and determine whether they can be applied to patients with incidentally discovered peritoneal thickening.
In conclusion, US-guided peritoneal biopsy is safe and fairly accurate diagnostic method even for minimally thickened peritoneum depicted as infiltrated peritoneal fat on CT image. It has a high PPV for the diagnosis of malignant peritoneal disease.
It can be used as an initial biopsy method for the differential diagnosis of only minimally thickened peritoneum of unknown cause before performing laparoscopic or open surgical biopsy.
